To elucidate the effect of long-term body weight changes on the subsequent incidence of hypertension in a large sample of community-residing Japanese males and females. METHODS: Subjects were 3431 men and 2409 women, between 30 and 69 y old, who underwent annual periodic health examinations from 1987 (baseline year) until 1996. They were free from hypertension during the first 5 y from the baseline year. Body weight change index between 1987 and 1992 was the body mass index (BMI) (weight (kg) over height (m) squared) slope. Multiple logistic analysis was performed to assess the effect of BMI slope on the incidence of hypertension during the subsequent 5 ys (1992)(1993)(1994)(1995)(1996), while controlling for baseline age, BMI, systolic blood pressure (SBP), diastolic blood pressure (DBP) and smoking habit. RESULTS: During the first 5 y, the prevalence of overweight males (25.0rBMIo30.0) significantly increased from 18.4 to 23.5% in males and from 10.4 to 14.1% in females. In all, 11.7% of the males and 8.9% of the females developed hypertension between 1992 and 1996. Those who developed hypertension had a significantly higher baseline age, BMI, SBP and DBP both in males and females. The baseline smoking rate among the females who developed hypertension was significantly lower than those who did not develop the hypertension. After adjustment of these covariables by the multiple logistic analysis, the BMI slope was positively correlated with the incidence of hypertension both in females and males significantly. CONCLUSIONS: Weight gain increased the risk of developing hypertension independent of age and blood pressure level among relatively lean Japanese men and women.
Introduction
The problem of hypertension has been one of the most important public health issues worldwide due to the fact that high blood pressure is independently and positively associated with coronary heart diseases, congestive heart failure, stroke, renal diseases and peripheral vascular diseases in both males and females regardless of their racial and ethnic backgrounds. [1] [2] [3] [4] [5] Epidemiological studies have shown an association between overweight and hypertension, and the prevalence of hypertension increases with the degree of overweight. 6, 7 Moreover, weight gain strongly predicts the future risk of hypertension 8, 9 and most clinical trials have found that short-and long-term weight loss reduced blood pressure in hypertensive or high normal blood pressure patients. [10] [11] [12] Therefore, weight control has been proposed as a means of preventing and treating hypertension. Although the majority of Japanese have a relatively smaller body mass index than people in Western countries, more than 40% of Japanese over 30 y old have hypertension (systolic blood pressure (SBP) Z160 and/or diastolic blood pressure (DBP) Z95) and or borderline hypertension (140rSBPo160 and/or 90rDBPo95), 13 and hypertension is a frequent cause of cerebrovascular disease. Nevertheless, the long-term effect of body weight change on the incidence of hypertension among the relatively lean Japanese population has not been well documented.
In this study, the effect of 5 y of weight changes on subsequent incidence of hypertension was examined in a large sample of community-residing Japanese males and females. The gender difference of the effect was also examined. We also considered smoking status as a confounding factor. Smoking status could affect BP level indirectly because of its effect on changes in body weight. 14 However, the potential effects of smoking on the incidence of hypertension have not been fully studied. Hence, smoking status and its changing pattern were also taken into consideration in this study.
Materials and methods

Subjects
Subjects were selected from 23 716 men and women who underwent an annual periodic health examination at the PL Tokyo Health Care Center in Tokyo, Japan, in 1987. This center is a periodic health examination facility mainly for employees of contracted institutions and their family members.
The eligible subjects were men and women who were between 30 and 69 y old during the baseline year (1987), who could be followed for 10 y (until 1996), and who had annual health check-ups at least six times during these 10 y. Other criteria included the absence of cardiovascular diseases, diabetes mellitus and hyperlipidemia during the first 5 y from the baseline year. Those with an SBP Z160 and/or DBP Z95 and/or taking antihypertensive medications during the first 5 y from the baseline year were also excluded. In all, 3431 men and 2409 women who met the above criteria were entered into analysis.
Methods
The subjects' weights and heights were obtained from the annual health examination records. While the subjects were in light clothing with no shoes on, their weights and heights were measured in the morning fasting state to the nearest 0.1 kg and 0.1 cm, respectively. Body mass index (BMI: weight (kg) over height (m) squared) was calculated. Using a simple linear regression model, each subject's five BMI data obtained during the first 5 y (1987-1991) were regressed at the time of check-up. The slope of their regression line was determined as the BMI change in terms of its direction and magnitude (BMI slope). A positive value indicates weight gain over time, whereas a negative value indicates weight loss.
SBP and DBP were measured using a standard mercury sphygmomanometer after the subjects had sat at rest for longer than 30 min at each annual health check-up.
During the subsequent 5 y (1992-1996), if the subjects had SBP Z160 and/or a DBP Z95 more than once and/or if they started to take antihypertensive medications, they were defined as having developed hypertension.
In addition, we collected information about smoking habits during the first 5 y from the annual medical records.
Statistical analysis
The demographic characteristics of subjects were compared between the baseline year (1987) and 5 y after (1991) using the paired t-test. The prevalence of overweight (25.0rBMIo30.0), obesity (BMIZ30.0) and smoking status was compared by the McNemar test.
To compare the baseline characteristics among subjects who developed hypertension as well as among subjects who did not develop hypertension during the subsequent 5 y (1992-1996), Student's t-test was used. Difference of the rate of smoking habits was assessed using the w 2 test.
In multiple logistic analysis, the development of hypertension between 1992 and 1996 was used as the dependent variable, and the baseline values of age, BMI, SBP, DBP, smoking habit and the first 5 y BMI slope were used as the independent variables. Pseudo-R 2 statistic was calculated by the Cragg-Uhler method. 15 
Results
The first 5 y changes of body weight and blood pressure from the baseline are shown in Table 1 (from 1987 to 1991). The mean of BMI, SBP and DBP became significantly higher than the baseline values in males and females. Long-term body weight change and incidence of hypertension JS Lee et al
The prevalence of overweight (25.0rBMIo30.0) significantly increased from 18.4 to 23.5% among the males and increased 10.4 to 14.1% among the females. And the prevalence of obesity (BMIZ30.0) significantly increased from 0.8 to 1.3% among the males, but not among the females.
Compared to the baseline year, the smoking rate significantly decreased among the males, but not among the females.
BMI slope during the first 5 y did not differ between males and females (Table 1) .
During the subsequent 5 y (from 1992 to 1996), 401 of the male subjects (11.7%) and 214 of the female subjects (8.9%) developed hypertension. Table 2 shows the differences of baseline year characteristics between subjects who developed hypertension (HT þ ) and who did not develop hypertension (HTÀ) during the subsequent 5 y. The HT þ group was significantly older and larger in their body weight than the HTÀ group in both males and females. And the HT þ group had a significantly higher baseline SBP and DBP than the HTÀ group. The prevalence of smoking rate was higher in the HTÀ group than in the HT þ group among the females, but not among the males. Table 3 shows the result of multiple logistic analysis and the odds ratio (OR) of developing hypertension during the subsequent 5 y associated with the BMI slope. The BMI slope was positively and significantly correlated with the incidence of hypertension, independent of baseline age, BMI level, blood pressure level and smoking habit in males and females.
Baseline smoking habit and BMI were not significantly correlated with the incidence of hypertension. However, when we used changes in smoking pattern during the first 5 y, instead of smoking habit in the baseline year, by the logistic analysis in males, the smoking pattern (lifetime nonsmoker; quit-smoker; continuous smoker in the first 5 y from baseline year) showed that only the quit-smokers had significant OR (1.85, 95% CL: 1.18-2.91) for the incidence of hypertension in reference to lifetime nonsmokers. The smoking patterns of female subjects were not analyzed due to the fact that the number of quit-smokers was 27 and the number of the case who developed hypertension among quit-smokers was only 1.
Discussion
In the present study, we have shown that BMI slope, baseline age, SBP and DBP were positively and independently correlated with the subsequent incidence of hypertension in Japanese middle-aged men and women. Long-term body weight change and incidence of hypertension JS Lee et al
Blood pressure increases with age and aging itself is an independent cause of hypertension. 16 However, some studies
show that this hypothesis is only applicable to the population with an increase in body weight with aging. 17 According to the result of our study, after controlling for weight change (BMI slope) and baseline BMI, age showed a significant correlation with the incidence of hypertension in males and females. This result reconfirms that age is an independent causal factor of hypertension. Baseline values of SBP and DBP were also independent predictors of incidence of hypertension. This result is consistent with previous studies. 18 In our study, those subjects who had SBP Z160 mmHg and/or DBP Z95 mmHg at the baseline and during the first 5 y were excluded. Even when those subjects with SBP Z140 mmHg and/or DBP Z90 mmHg were excluded, the study results were unchanged (data are not shown).
After controlling for age, SBP, DBP and smoking status at the baseline, the trend of BMI change (BMI slope) for the first 5 y from the baseline year had a significant increase odds for the incidence of hypertension in the subsequent 5 y in males and females. When we used BMI change (difference of BMI between 1987 and 1991) instead of BMI slope, the result of multiple logistic analysis was almost the same. However, the BMI change reflects information for only two points, while the BMI slope reflects information of BMI change trend during the first 5 y. BMI slope and BMI change each had a significant influence on the incidence of hypertension. Weight gain induced BP elevation and increased the risk of developing hypertension. [19] [20] [21] Our Japanese subjects had a relatively lower BMI than the Western population. Nevertheless, our results supported the notion that an increase in BMI significantly and independently correlated with the incidence of hypertension. This study result suggested that the risk of hypertension by weight gain rose even in subjects with a lean to moderate BMI level. BP elevation induced by weight gain could be explained by the cardiovascular hemodynamic changes; an increase in total circulating blood volumes and cardiac output, 22 with the enhancement of the circulating level of plasma catecholamine. Weight gain stimulates sympathetic activity, which induced the BP elevation regardless of prior weight or BP status. 23 Even if the patients had a relatively higher BP level within the normotensive range, they should continuously have to control their body weight in order to prevent the development of hypertension.
In this study, we observed a rapid increase in the prevalence of overweight within a surprisingly short time. We observed a significant increase in the prevalence of overweight (25.0rBMIo30.0) from 18.4 to 23.5% in men and 10.4 to 14.1% in women during the first 5 y. This increase exceeded the increase observed in Western countries, most notably, the United States. In the United States, from 1960 to 1994, the prevalence of overweight increased slightly from 37.8 to 39.4% in men and from 23.6 to 24.7% in women. 24 The prevalence of overweight and obesity in Japan still fall below that in the USA. However, this rapid and high increase in Japan might be related to the increase in various metabolic diseases associated with hypertension in recent years in Japan. Future study to find environmental and biological causes of overweight is needed. Since most studies concerning the effects of longitudinal weight changes used self-reported body weight values or past weight loss episodes by questionnaires, they were not free from information bias. One of the advantages of this study was that the value of the actual measurements of the body weight in physical examinations was used. Moreover, we used the BMI slope during the first 5 y as a weight change index rather than the BMI difference between the two points of the first 5 y. In addition, those with heart disease, hypertension, hyperlipidemia or diabetes mellitus identified by the physicians' medical records were carefully excluded. Therefore, the possible effect of these disease conditions and treatment state on the weight and BP changes during the follow-up period was eliminated.
Smoking habit was also taken into account in this study. The baseline smoking rate was higher in females who did not develop hypertension, but not in males (Table 2) . However, the result of multiple logistic analysis showed that the baseline smoking habit was not significant after adjustment of covariables. The baseline age might be a confounding factor in females. When the information about changes of smoking habit (smoking pattern) during the first 5 y was taken into account in males, a significant correlation was identified between quit-smokers and incidence of hypertension. Male quit-smokers had a larger BMI slope during the first 5 y, but lower SBP and DBP at the baseline year compared with lifetime nonsmokers and continuous smokers (data is not shown). The result of this study suggested that quit-smokers were at a risk of developing hypertension because of their larger weight gain. This result was consistent with the results of the previous study. 14 We did not include the quantity of cigarettes in our analysis because there was no significant dose-effect relationship between the quantity of cigarettes and blood pressure.
